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1
INDOOR UNIT WITH POWER SUPPLY AND
POWER DETECTION CAPABILITIES AND
METHOD THEREOF AND AIR
CONDITIONING SYSTEM HAVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2010-0050889, filed on May 31, 2010 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments relate to an indoor unit to supply
power to a load device, a method thereof and an air condi-
tioning system having the same.

2. Description of the Related Art

In general, an air conditioner is an apparatus that is used to
cool or heat a room. In the air conditioner, a refrigerant is
circulated between an indoor unit and an outdoor unit, and a
cooling or heating operation is performed based on the prin-
ciple that the refrigerant absorbs ambient heat when evapo-
rated from a liquefied state and discharges the heat when
liquefied.

An air conditioner generally has one outdoor unit and one
indoor unit connected to the outdoor unit. Recently, users
have increasingly demanded a system air conditioner in
which a plurality of indoor units with various shapes and
volumes are connected to one or more outdoor units to per-
form a cooling or heating operation with respect to a place
having a number of divided spaces, such as a school, company
or hospital.

For example, such a system air conditioner may include
one outdoor unit and a plurality of indoor units, and a direct
current (DC) power line, a communication line, etc. may be
connected between the outdoor unit and each indoor unit to
enable communication between the outdoor unit and each
indoor unit.

Onthe other hand, in a system air conditioner, a plurality of
indoor units may often be controlled by a wired remote con-
troller differently from those in a household air conditioner
because a wireless remote controller may be lost. In the
system air conditioner, the wired remote controller may be
used in common for the indoor units and connected to the
indoor units using a 2-line scheme. The 2-line scheme is a
technique that links a communication signal to a power sup-
ply line and transmits power and the communication signal
together through the power supply line (the power supply line
that is linked with the communication signal and transmits the
communication signal will hereinafter be referred to as a
“power/communication line””). The indoor units may supply
powers to the wired remote controller through the power/
communication line. If the indoor units simultaneously sup-
ply the powers to the power/communication line, a short
circuit may occur, resulting in a fault.

SUMMARY

Therefore, it is an aspect of the example embodiments to
provide an indoor unit that performs a control operation to not
supply power to a load device through a power/communica-
tion line simultaneously with other indoor units, a method
thereof, and an air conditioning system having the same.
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2

The foregoing and/or other aspects are achieved by provid-
ing an indoor unit which supplies power to a load device
externally connected thereto through a power/communica-
tion line including a microcomputer to output a power appli-
cation signal to supply the power to the load device, and a
duplicate power application prevention unit to interrupt the
power application signal from the microcomputer when the
power is simultaneously applied to the power/communica-
tion line by a different indoor unit, to prevent the power from
being duplicately applied to the power/communication line.

The duplicate power application prevention unit may inter-
rupt the power application signal from the microcomputer
according to a voltage on the power/communication line to
prevent the power from being duplicately applied to the
power/communication line.

The power/communication line may include a first power/
communication line and a second power/communication
line, wherein the duplicate power application prevention unit
may include a first AND gate to receive a voltage on the first
power/communication line and a voltage on the second
power/communication line as input.

The duplicate power application prevention unit may fur-
ther include an OR gate to receive an output signal from the
first AND gate as input.

The duplicate power application prevention unit may fur-
ther include a second AND gate to receive an output signal
from the OR gate and the power application signal from the
microcomputer as input.

The duplicate power application prevention unit may fur-
ther include a first transistor and a second transistor switched
in response to an output signal from the second AND gate.

The indoor unit may further include a load device power
supply to supply the power to the load device, wherein the
load device power supply may supply the power to the load
device when the first transistor and the second transistor are
turned on.

The microcomputer may determine whether the power is
applied to the power/communication line, and output the
power application signal upon determining that the power is
not applied to the power/communication line.

The foregoing and/or other aspects are achieved by provid-
ing an air conditioning system including a load device, and an
indoor unit including a microcomputer to output a power
application signal to supply power to the load device through
a power/communication line, and a duplicate power applica-
tion prevention unit to interrupt the power application signal
from the microcomputer when the power is simultaneously
applied to the power/communication line by a different
indoor unit, to prevent the power from being duplicately
applied to the power/communication line.

The indoor unit may further include a load device power
supply to supply the power to the load device.

The duplicate power application prevention unit may
include a logic circuit to receive a voltage applied to the
power/communication line and the power application signal
from the microcomputer as input.

The logic circuit may include a first AND gate to receive
the voltage applied to the power/communication line as input.

The logic circuit may further include an OR gate to receive
an output signal from the first AND gate as input.

The logic circuit may further include a second AND gate to
receive an output signal from the OR gate and the power
application signal from the microcomputer as input.

The duplicate power application prevention unit may fur-
ther include a first transistor and a second transistor switched
in response to an output signal from the second AND gate.
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The foregoing and/or other aspects are achieved by provid-
ing a method including outputting, by a processor, a signal
from a first indoor air conditioning unit to supply power to a
load device via a power/communication line and preventing,
by the processor, the first indoor air conditioning unit from
supplying power to the load device when power is simulta-
neously supplied by a second indoor air conditioning unit.

Additional aspects, features, and/or advantages of embodi-
ments will be set forth in part in the description which follows
and, in part, will be apparent from the description, or may be
learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings of which:

FIG. 1 is a block diagram of an air conditioning system
according to example embodiments;

FIG. 2A is a circuit diagram showing a forward polarity
connection between a plurality of indoor units and a load
device;

FIG. 2B is a circuit diagram showing a reverse polarity
connection between a plurality of indoor units and a load
device;

FIG. 3 is acircuit diagram of an internal circuit of an indoor
unit that prevents a plurality of powers from being duplicately
applied to a power/communication line, according to
example embodiments;

FIG. 4A is atable illustrating digital signals at input/output
terminals of a logic circuit when a voltage on a first power/
communication line is higher than a voltage on a second
power/communication line owing to application of power to
the power/communication line;

FIG. 4B is a table illustrating digital signals at the input/
output terminals of the logic circuit when the voltage on the
first power/communication line is lower than the voltage on
the second power/communication line owing to application
of the power to the power/communication line;

FIG. 4C is a table illustrating digital signals at the input/
output terminals of the logic circuit when the power is not
applied to the power/communication line; and

FIG. 4D is a table illustrating digital signals at the input/
output terminals of the logic circuit when a microcomputer
turns off a power application signal when the power is applied
to the power/communication line.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to like elements
throughout.

FIG. 1 is a block diagram of an air conditioning system
according to example embodiments.

The air conditioning system, denoted by reference numeral
1, may include an outdoor unit 100, a plurality of indoor units
20010 200+N-1 connected to the outdoor unit 100, and a load
device 300 connected to the indoor units 200 to 200+N-1.

The indoor units 200 to 200+N-1 may be connected with
the load device 300 via a power/communication line 400. The
connection between the indoor units 200 to 200+N-1 and the
load device 300 may be made using a 2-line scheme. The
2-line scheme is a scheme in which power and a communi-
cation signal may be transmitted through the same line.
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The load device 300 may include a wired remote controller
to operate the indoor units 200 to 200+N-1 or a sensor to
sense a temperature, humidity or the like. The load device 300
may be supplied with powers from the indoor units 200 to
200+N-1. When a forward polarity connection is made
between the load device 300 and the indoor units 200 to
200+N-1, the simultaneous application of powers from the
indoor units 200 to 200+N-1 to the power/communication
line 400 do not matter. However, when a reverse polarity
connection is made between the load device 300 and the
indoor units 200 to 200+N-1, the simultaneous application of
the powers from the indoor units 200 to 200+N-1 to the
power/communication line 400 may cause a short circuit,
resulting in a fault, as will hereinafter be described in detail
with reference to FIGS. 2A and 2B.

FIG. 2A is a circuit diagram showing a forward polarity
connection between a plurality of indoor units and a load
device, and FIG. 2B is a circuit diagram showing a reverse
polarity connection between a plurality of indoor units and a
load device.

As shown in FIG. 2A, the indoor units 200 and 201 may be
connected to the load device 300 according to the 2-line
scheme. First to fourth diodes 11a to 114 may be provided in
the indoor units 200 and 201 and the load device 300 to enable
current to flow in only one direction.

The indoor units 200 and 201 may include power supply
ports 10a and 105, respectively. The power supply ports 10a
and 105 may be on/off-controlled to supply powers from the
corresponding indoor units 200 and 201 to the load device
300. The power supply ports 10a and 105 may include tran-
sistors capable of performing switching operations. In order
to supply the powers from the indoor units 200 and 201 to the
load device 300, the power supply ports 10a and 1056 may be
turned on to form closed circuits.

Referring to FIG. 2A, when the power supply port 10a of
the indoor unit #1 200 is turned on, current flows from a power
supply 12a of the indoor unit #1 200 to the load device 300
through the first diode 11a and then may be fed from the load
device 300 back to the indoor unit #1 200 through the third
diode 11c¢ (i.e., a—>b—>c—>d—>¢). On the other hand, the “+”
pole of the power supply 12a of the indoor unit #1 200 may be
connected to the “+” pole of a power supply 125 of the indoor
unit #2 201 and the “-” pole thereof is connected to the “-”
pole of the power supply 125 of the indoor unit #2 201. The
forward polarity connection means that the “+” pole of any
one 12a or 1256 of the plurality of power supplies 12a and 125
may be connected to the “+” pole of another one 126 or 12a
and the “~” pole thereof may be connected to the “~” pole of
another one 1256 or 12a. Provided that the forward polarity
connection is made between the power supplies 12a and 125
of the plurality of indoor units 200 and 201, a short phenom-
enon may not occur even if the indoor units 200 and 201
simultaneously supply powers to the load device 300.

Referring to FIG. 2B, in contrast to FIG. 2A, the “+” pole
of the power supply 12a of the indoor unit #1 200 may be
connected to the “=” pole of the power supply 125 of the
indoor unit #2 201 and the “-” pole thereof may be connected
to the “+” pole of the power supply 125 of the indoor unit #2
201. The reverse polarity connection means that the “+” pole
of'any one 12a or 125 of the plurality of power supplies 12a
and 125 may be connected to the “~” pole of another one 125
or 12a and the “~” pole thereof may be connected to the “+”
pole of another one 126 or 12a. Provided that the reverse
polarity connection is made between the plurality of power
supplies 12a and 125, the simultaneous application of powers
from the power supplies 124 and 126 may cause a short
circuit, resulting in a fault. In order to solve this problem, an
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aspect of the example embodiments may include providing
internal circuits of the indoor units 200 to 200+N-1 that
prevent the plurality of power supplies 12a and 126 from
simultaneously applying powers to the power/communica-
tion line 400. Hereinafter, a detailed description will be given
of the internal circuit of the indoor unit #1 200 among the
plurality of indoor units 200 to 200+N-1, as the subject, with
reference to FIG. 3.

FIG. 3 is acircuit diagram of an internal circuit of an indoor
unit that prevents a plurality of powers from being duplicately
applied to a power/communication line, according to
example embodiments. Here, a voltage 0~1V indicates a digi-
tal signal “0” and a voltage 1~6V indicates a digital signal
“17.

The internal circuit of the indoor unit 200 may include a
power/communication separator 20 to separate a signal input
to the power/communication line 400 into power and a com-
munication signal, a communication module 21 to receive the
communication signal of the input signal and analyze infor-
mation of the communication signal, a load device power
supply 22 to supply the power to the load device 300, a
microcomputer 23 to determine whether the power is applied
to the power/communication line 400 and, if the power is not
applied to the power/communication line 400, output a power
application signal such that the power is applied to the power/
communication line 400, and a duplicate power application
prevention unit 50 to interrupt duplicate power application
based on the control of the microcomputer 23 when the power
is applied to the power/communication line 400 by a different
indoor unit 201 to 200+4N-1 (N=3).

The microcomputer 23 may determine whether the power
is applied to the power/communication line 400 by the dif-
ferent indoor unit 201 to 2004N-1 (N=3). The microcom-
puter 23 may check voltages at a first point 41 and a second
point 42 to determine whether the power is applied to the
power/communication line 400.

When digital signals corresponding to voltages applied to
the first point 41 and second point 42 are “1s”, the microcom-
puter 23 may determine that the power is not applied to the
power/communication line 400 by the different indoor unit
201 to 200+N-1 (N=3). When the power is not applied to the
power/communication line 400, a first photocoupler 24a and
a second photocoupler 245 do not conduct. When the first
photocoupler 24a and second photocoupler 245 do not con-
duct, 5V is applied to each of the first point 41 and second
point 42 by a voltage source 25 for voltage determination. As
a result, a digital signal corresponding to the voltage applied
to the first point 41 is “1” and a digital signal corresponding to
the voltage applied to the second point 42 is “1”. Conse-
quently, when the digital signals corresponding to the volt-
ages applied to the first point 41 and second point 42 are “1s”,
the microcomputer 23 may determine that the power is not
applied to the power/communication line 400 by the different
indoor unit 201 to 200+4N-1 (N=3).

When the digital signal corresponding to the voltage
applied to any one 41 or 42 of the first point 41 or second point
42 is “0”, the microcomputer 23 may determine that the
power is applied to the power/communication line 400 by the
different indoor unit 201 to 200+N-1 (N=3). When the power
is applied to the power/communication line 400 by the dif-
ferent indoor unit 201 to 200+N-1 (N=3), any one of the first
photocoupler 24a and second photocoupler 245 may conduct.
For example, when a voltage on a first power/communication
line 400q is 12V and a voltage on a second power/communi-
cation line 4005 is OV, the voltage on the first power/commu-
nication line 400a may be divided by a second resistor 27,
thereby causing a voltage at an upper end 27a of the second
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resistor 27 to be higher than a voltage at alower end 276 of the
second resistor 27. As a result, the first photocoupler 24a may
conduct. Also, because the upper end 274 of the second resis-
tor 27 may be electrically connected to a lower end 295 of a
second capacitor 29 and the lower end 2756 of the second
resistor 27 may be electrically connected to an upper end 29a
of the second capacitor 29, a voltage at the lower end 295 of
the second capacitor 29 may be higher than a voltage at the
upper end 294 of the second capacitor 29. When the voltage at
the lower end 295 ofthe second capacitor 29 is higher than the
voltage at the upper end 294 of the second capacitor 29, the
second photocoupler 245 does not conduct. If the first pho-
tocoupler 24a conducts, the first point 41 may be connected to
ground, so that the voltage at the first point 41 becomes OV. As
a result, the microcomputer 23 may determine, from the volt-
age at the first point 41, that the corresponding digital signal
is “0”. If the second photocoupler 2456 does not conduct, 5V
may be applied to the second point 42 by the voltage deter-
mination voltage source 25, so that the microcomputer 23
determines the corresponding digital signal to be “1”.

Consequently, when the digital signal corresponding to the
voltage applied to the first point 41 is “0” and the digital signal
corresponding to the voltage applied to the second point 42 is
“17, the microcomputer 23 may determine that the power is
applied to the power/communication line 400.

For another example, when the voltage on the first power/
communication line 4004 is OV and the voltage on the second
power/communication line 40056 is 12V, “OV” may be applied
to the upper end 274 of the second resistor 27 and a certain
voltage may be applied to the lower end 275 of the second
resistor 27 by the voltage on the second power/communica-
tion line 4005. If the voltage at the upper end 27a of the
second resistor 27 is lower than the voltage at the lower end
27b of the second resistor 27, the first photocoupler 24a may
not conduct. Also, because the lower end 295 of the second
capacitor 29 is connected with the upper end 27a of the
second resistor 27 and the upper end 29q of the second capaci-
tor 29 is connected with the lower end 275 of the second
resistor 27, the voltage at the upper end 294 of the second
capacitor 29 may be higher than the voltage at the lower end
295b of the second capacitor 29, thereby causing the second
photocoupler 245 to conduct. If the second photocoupler 245
conducts, the second point 42 may be connected to the
ground, so that the voltage at the second point 42 becomes OV.
As a result, the microcomputer 23 may determine, from the
voltage at the second point 42, that the corresponding digital
signal is “0”. If the first photocoupler 24a does not conduct,
5V may be applied to the first point 41 by the voltage deter-
mination voltage source 25, so that the microcomputer 23
determines the corresponding digital signal to be “1”.

Consequently, in the case where the digital signal corre-
sponding to the voltage applied to the second point 42 is “0”
and the digital signal corresponding to the voltage applied to
the first point 41 is ““1”, the microcomputer 23 may determine
that the power is applied to the power/communication line
400.

Upon determining that the power is not applied to the
power/communication line 400 by the different indoor unit
201 to 200+N-1 (N=3), the microcomputer 23 may apply a
predetermined voltage (referred to hereinafter as an “output
signal”) to the duplicate power application prevention unit 50.

The duplicate power application prevention unit 50 may
receive, as input, the output signal applied from the micro-
computer 23 and the voltage applied to the power/communi-
cation line 400, perform a predetermined logic operation with
respect to the inputs to provide its output, and switch a first
transistor 51 and a second transistor 52 according to the
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output to prevent the power from being duplicately applied to
the power/communication line 400.

The duplicate power application prevention unit 50 may
include a logic circuit. The logic circuit may include two
AND gates 55 and 57 and one OR gate 56. The first AND gate
55 may receive the voltage at the first point 41 and the voltage
at the second point 42 as its inputs. The OR gate 56 may
receive the output of the first AND gate 55 and the output of
the second AND gate 57 as its inputs. The second AND gate
57 may receive the output of the OR gate 56 and the output of
the microcomputer 23 as its inputs.

The duplicate power application prevention unit 50 may
include the first transistor 51, which is switched (turned
on/off) in response to the output of the second AND gate 57.
The duplicate power application prevention unit 50 may
include a transistor voltage source 58. When a predetermined
signal is input to the base of the first transistor 51 according to
the output of the second AND gate 57, the first transistor 51 is
turned on. If the first transistor 51 is turned on, a predeter-
mined signal may be input to the base of the second transistor
52 by the transistor voltage source 58, thereby causing the
second transistor 52 to be turned on. If the second transistor
52 is turned on, a point A may be connected to the ground.
When the point A is connected to the ground, the load device
power supply 22 and the load device 300 constitute a closed
circuit and the power from the load device power supply 22
may be applied to the load device 300.

The operation of the duplicate power application preven-
tion unit 50 will be described later in detail with reference to
FIGS. 4A to 4D.

On the other hand, in FIG. 3, when the first photocoupler
24a conducts, a first resistor 26 may allow current to flow
from the voltage determination voltage source 25. The second
resistor 27 may apply voltages across the first photocoupler
244 and second photocoupler 245. A third resistor 28 may
adjust the amounts of currents input to the first photocoupler
244 and second photocoupler 245b. A first capacitor 30 may
only filter the communication signal of the power and com-
munication signal input to the power/communication line
400, and the second capacitor 29 may remove noise from the
currents input to the first photocoupler 24a and second pho-
tocoupler 245.

FIGS. 4A to 4D are tables illustrating the operation of the
duplicate power application prevention unit 50 according to
example embodiments.

FIG. 4A illustrates digital signals at input/output terminals
of the logic circuit when the voltage on the first power/com-
munication line 400« is higher than the voltage on the second
power/communication line 4005 owing to application of the
power to the power/communication line 400.

A first condition may be a condition in which the power is
applied to the power/communication line 400 by the different
indoor unit 201 to 200+N-1 (N=3) and the power application
signal is not output from the microcomputer 23. In the first
condition, when the voltage on the first power/communica-
tion line 4004 is higher than the voltage on the second power/
communication line 4005, the voltage at the first point 41 may
become “OV” and the voltage at the second point 42 may
become “5V”. As aresult, a digital signal “1” may be input to
a first input terminal 55q of the first AND gate 55, a digital
signal “0” may be input to a second input terminal 555 of the
first AND gate 55, and a digital signal “0” may be output at an
output terminal 55¢ of the first AND gate 55. The digital
signal “0” from the output terminal 55¢ of the first AND gate
55 may be input to a first input terminal 56a of the OR gate 56
and the output signal from the second AND gate 57 may be
input to a second input terminal 565 of the OR gate 56.
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Because the output signal from the microcomputer 23, input
to a first input terminal 574 of the second AND gate 57 is “0”,
the output signal from the second AND gate 57 may become
“0”. As a result, the output signal from the OR gate 56 may
become “0”. Since the output signal from the microcomputer
23, input to the first input terminal 57a of the second AND
gate 57, and the output signal from the OR gate 56, inputto a
second input terminal 576 ofthe second AND gate 57 are both
“07, “0” may be output at an output terminal 57¢ of the second
AND gate 57. When the output signal from the output termi-
nal 57¢ of the second AND gate 57 is “0”, the first transistor
51 and the second transistor 52 may not be turned on. Con-
sequently, the load device 300 and the load device power
supply 22 may not constitute a closed circuit and thus the
power is not applied to the power/communication line 400.

On the other hand, it will be readily understood from FIG.
2A or 2B that the load device 300 and the load device power
supply 22 may constitute a closed circuit and the power is thus
applied to the power/communication line 400. It can be con-
ceptually seen from FIG. 2A or 2B that the indoor unit 200
and the load device 300 may constitute a closed circuit when
the power supply port 10a is turned on. In FIG. 2A or 2B, the
power supply port 10a may correspond to the first transistor
51in FIG. 3.

Second and third conditions may be conditions in which
the power is applied to the power/communication line 400 by
the different indoor unit 201 to 200+N-1 (N=3) and the power
application signal is output from the microcomputer 23. The
microcomputer 23 may output the power application signal
due to a software error even though the power is applied to the
power/communication line 400. The second condition may
be different from the first condition because the output signal
from the microcomputer 23 is changed from “0” to “1”. The
third condition may be a condition in which the power is not
duplicately applied to the power/communication line 400
because the output of the second AND gate 57 is “0” although
the output signal from the microcomputer 23 was changed
from “0” to “1” in the second condition.

In the third condition, similar to in the first condition, the
output of the output terminal 57¢ of the second AND gate 57
may be “0”, thereby causing the first transistor 51 and the
second transistor 52 not to be turned on, so that the power is
not applied to the power/communication line 400. As a result,
even though the microcomputer 23 outputs the power appli-
cation signal due to a software error, the duplicate power
application prevention unit 50 may interrupt the power appli-
cation signal, to prevent the power from being duplicately
applied to the power/communication line 400.

FIG. 4B illustrates digital signals at the input/output termi-
nals of the logic circuit when the voltage on the first power/
communication line 400a may be lower than the voltage on
the second power/communication line 4006 as a result of
application of the power to the power/communication line
400.

In a first condition, when the voltage on the first power/
communication line 400q is lower than the voltage on the
second power/communication line 4005, the voltage at the
first point 41 becomes “5V” and the voltage at the second
point 42 may become “OV”. As a result, a digital signal “0”
may be input to the first input terminal 554 of the first AND
gate 55, a digital signal “1” may be input to the second input
terminal 555 of the first AND gate 55, and a digital signal “0”
may be output at the output terminal 55¢ of the first AND gate
55. The digital signal “0” from the output terminal 55¢ of the
first AND gate 55 may be input to the first input terminal 56a
of'the OR gate 56 and the output of the second AND gate 57
may be input to the second input terminal 565 of the OR gate
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56. Because the output signal from the microcomputer 23,
input to the first input terminal 57a of the second AND gate 57
is “0”, the output of the second AND gate 57 may become “0”.
As a result, the output of the OR gate 56 may become “0”.
Since the output signal from the microcomputer 23 input to
the first input terminal 57a ofthe second AND gate 57, and the
output signal from the OR gate 56 input to the second input
terminal 575 of the second AND gate 57 are both “0”, “0” may
be output at the output terminal 57¢ of the second AND gate
57. When the output signal from the output terminal 57¢ of the
second AND gate 57 is “0”, the first transistor 51 and the
second transistor 52 may not be turned on. Consequently, no
closed circuit may be created and thus the power is not
applied to the power/communication line 400.

Second and third conditions may be conditions in which
the power is applied to the power/communication line 400 by
the different indoor unit 201 to 200+N-1 (N=3) and the power
application signal is output from the microcomputer 23. The
second condition may be different from the first condition
because the output signal from the microcomputer 23 is
changed from “0” to “1”. In the third condition, similar to in
the first condition, the output of the output terminal 57¢ of the
second AND gate 57 may be “0”, thereby causing the first
transistor 51 and the second transistor 52 not to be turned on,
so that the power is not applied to the power/communication
line 400.

FIG. 4C illustrates digital signals at the input/output termi-
nals of the logic circuit under the condition that the power
may not be applied to the power/communication line 400.

A first condition may be a condition in which the power
application signal from the microcomputer 23 is not output
under the condition that the power is not applied to the power/
communication line 400. When the power is not applied to the
first power/communication line 400a and the second power/
communication line 4005, 5V may be applied to each of the
first point 41 and second point 42. As a result, a digital signal
“1” may be input to each of the first input terminal 554 and
second input terminal 5556 of the first AND gate 55, and a
digital signal “1”” may be output at the output terminal 55¢ of
the first AND gate 55. The output signal “1” from the first
AND gate 55 may be input to the first input terminal 56a of the
OR gate 56 and the output signal from the second AND gate
57 may be input to the second input terminal 565 of the OR
gate 56. Notably, because the signal “1” may be input to the
first input terminal 56a of the OR gate 56, “1”” may be output
atthe output terminal 56¢ of the OR gate 56 irrespective of the
signal to the second input terminal 565 of the OR gate 56.
Also, “0” may be input to the first input terminal 57a of the
second AND gate 57 because the power application signal
from the microcomputer 23 is not output yet, and the output
signal “1” from the OR gate 56 may be input to the second
input terminal 5756 of the second AND gate 57. As a result, “0”
may be output at the output terminal 57¢ of the second AND
gate 57.

A second condition may be a condition in which the power
application signal from the microcomputer 23 is output under
the condition that the power is not applied to the power/
communication line 400. When the power application signal
from the microcomputer 23 is output, a digital signal “1” may
be input to the first input terminal 57a of the second AND gate
57.

A third condition may be a condition in which there is a
change in the output voltage from the output terminal 57¢ of
the second AND gate 57 due to the output of the power
application signal from the microcomputer 23 under the con-
dition that the power is not applied to the power/communica-
tion line 400. In the second condition, when the digital signal
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“1” is input to the first input terminal 57a of the second AND
gate 57 and the output signal “1” from the output terminal 56¢
of'the OR gate 56 is input to the second input terminal 576 of
the second AND gate 57, “1” may be output at the output
terminal 57¢ of the second AND gate 57, thereby causing the
first transistor 51 to be turned on. As the first transistor 51 is
turned on, the second transistor 52 may be turned on by 5V, to
connect the point A to the ground. As a result, the load device
power supply 22 and the load device 300, not shown, may
constitute a closed circuit, and the power is supplied to the
load device 300.

Fourth to sixth conditions may be conditions in which the
indoor unit 200 directly applies the power to the power/
communication line 400 and the corresponding information
is fed back to the indoor unit 200. In the fourth condition, the
power may be applied to the power/communication line 400
and the voltage applied to the first power/communication line
400a may be higher than the voltage applied to the second
power/communication line 4005. If the voltage applied to the
first power/communication line 4004 is higher than the volt-
age applied to the second power/communication line 4005,
the first photocoupler 24a may conduct and the second pho-
tocoupler 245 may not conduct. When the first photocoupler
24a conducts, the first point 41 may be connected to the
ground, so that the voltage at the first point 41 becomes OV.
When the second photocoupler 245 does not conduct, 5V may
be applied to the second point 42 by the voltage determination
voltage source 25. As a result, “0” may be input to the second
input terminal 555 of the first AND gate 55, which receives
the voltage at the first point 41 as its input. In the fifth condi-
tion, as the input to the second input terminal 555 of the first
AND gate 55 is changed from “1” to “0”, the voltage at the
output terminal 55¢ of the first AND gate 55 may be changed
from “1” to “0”. In the sixth condition, although the voltage at
the output terminal 55¢ of the first AND gate 55 has been
changed from “1” to “0”, the voltage at the output terminal
57¢ ofthe second AND gate 57 may be kept at “1”, so that the
voltage on the power/communication line 400 is maintained.
Even though the indoor unit 200 directly applies the power to
the power/communication line 400 and the applied power is
fed back to the indoor unit 200, the indoor unit 200 may not
determine the power to be applied by the different indoor unit
201 to 200+N-1 (N=3), and continuously apply the power.

FIG. 4D illustrates digital signals at the input/output ter-
minals of the logic circuit when the microcomputer 23 turns
off the power application signal when the power is applied to
the power/communication line 400.

A first condition may be the same as the sixth condition of
FIG. 4C. A second condition may be a condition in which the
input to the first input terminal 57a of the second AND gate 57
is changed from “1” to “0” when the microcomputer 23 turns
off the power application signal.

A third condition may be a condition in which the signal at
the output terminal 57¢ of the second AND gate 57 is changed
from “1” to “0” as the input to the first input terminal 57a of
the second AND gate 57 is changed from “1” to “0”. As the
signal at the output terminal 57¢ of the second AND gate 57
is changed from “1” to “0”, the power applied to the power/
communication line 400 may be turned off.

A fourth condition may be a condition in which the power-
off state of the power/communication line 400 is fed back. In
this fourth condition, the signal to the second input terminal
55b of the first AND gate 55 may be changed from “0 to “1”
and the signal at the output terminal 56¢ of the OR gate 56
may be changed from “1” to “0”.

A fifth condition may be a condition in which the output of
the output terminal 55¢ of the first AND gate 55 is changed
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from “0” to “1” as the signal to the second input terminal 5554
of the first AND gate 55 is changed from “0” to “1” in the
fourth condition.

In sixth and seventh conditions, the signal at the output
terminal 56¢ of the OR gate 56 may be changed from “0” to
“1” as the signal at the output terminal 55¢ of the first AND
gate 55 is changed from “0” to “1” in the fifth condition.

As is apparent from the above description, according to an
aspect of the example embodiments, it may be possible to
prevent a plurality of'indoor units from simultaneously apply-
ing powers to a power/communication line, to avoid a circuit
fault.

Although embodiments have been shown and described, it
should be appreciated by those skilled in the art that changes
may be made in these embodiments without departing from
the principles and spirit of the disclosure, the scope of which
is defined in the claims and their equivalents.

What is claimed is:

1. An indoor unit which supplies power to a load device
externally connected to a power/communication line, the
indoor unit comprising:

a microcomputer to output a power application signal to

supply the power to the load device;

a duplicate power application prevention unit to interrupt
the power application signal from the microcomputer
when the power is simultaneously applied to the power/
communication line by a different indoor unit, to prevent
the power from being duplicately applied to the power/
communication line; and

at least two photo-couplers to optically isolate inputs of the
duplicate power application prevention unit from a first
power/communication line and a second power/commu-
nication line,

wherein the power/communication line comprises the first
power/communication line and the second power/com-
munication line, and

wherein the duplicate power application prevention unit
comprises a first AND gate to receive a first signal which
corresponds to a voltage on the first power/communica-
tion line and the first AND gate receives a second signal
which corresponds to a voltage on the second power/
communication line.

2. The indoor unit according to claim 1, wherein the dupli-
cate power application prevention unit interrupts the power
application signal from the microcomputer according to a
voltage on the power/communication line to prevent the
power from being duplicately applied to the power/commu-
nication line.

3. The indoor unit according to claim 1, wherein the dupli-
cate power application prevention unit further comprises an
OR gate to receive an output signal from the first AND gate as
input.

4. The indoor unit according to claim 3, wherein the dupli-
cate power application prevention unit further comprises a
second AND gate to receive an output signal from the OR gate
and the power application signal from the microcomputer as
input.

5. The indoor unit according to claim 4, wherein the dupli-
cate power application prevention unit further comprises a
first transistor and a second transistor switched in response to
an output signal from the second AND gate.

6. The indoor unit according to claim 5, further comprising
a load device power supply to supply the power to the load
device,

wherein the load device power supply supplies the power to
the load device when the first transistor and the second
transistor are turned on.
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7. The indoor unit according to claim 1, wherein the micro-
computer determines whether the power is applied to the
power/communication line, and outputs the power applica-
tion signal upon determining that the power is not applied to
the power/communication line.

8. The indoor unit according to claim 1,

wherein the at least two photo-couplers optically isolate

inputs of the microcomputer from the first power/com-
munication line and the second power/communication
line, and

wherein the first power/communication line and the second

power/communication line carry the supply of power
and data signals for communication.
9. The indoor unit according to claim 1,
wherein the first AND gate receives the first signal in a first
input of the first AND gate and does not receive the
second signal in the first input of the first AND gate, and

wherein the first AND gate receives the second signal,
which is from the microcontroller, in a second input of
the first AND gate and does not receive the first signal,
which is from the microcontroller, in the second input of
the first AND gate.

10. An air conditioning system, comprising:

a load device; and

an indoor unit comprising a microcomputer to output a

power application signal to supply power to the load
device through a power/communication line, a duplicate
power application prevention unit to interrupt the power
application signal from the microcomputer when the
power is simultaneously applied to the power/commu-
nication line by a different indoor unit, to prevent the
power from being duplicately applied to the power/com-
munication line, and at least one photo-coupler to opti-
cally isolate at least one input of the duplicate power
application prevention unit from the power/communica-
tion line,

wherein the power/communication line comprises the first

power/communication line and the second power/com-
munication line, and

wherein the duplicate power application prevention unit

comprises a first AND gate to receive a first signal which
corresponds to a voltage on the first power/communica-
tion line and the first AND gate receives a second signal
which corresponds to a voltage on the second power/
communication line.

11. The air conditioning system according to claim 10,
wherein the indoor unit further comprises a load device power
supply to supply the power to the load device.

12. The air conditioning system according to claim 10,
wherein the duplicate power application prevention unit com-
prises a logic circuit to receive a voltage applied to the power/
communication line and the power application signal from
the microcomputer as an input.

13. The air conditioning system according to claim 10,
wherein the logic circuit further comprises an OR gate to
receive an output signal from the first AND gate as an input.

14. The air conditioning system according to claim 13,
wherein the logic circuit further comprises a second AND
gate to receive an output signal from the OR gate and the
power application signal from the microcomputer as an input.

15. The air conditioning system according to claim 14,
wherein the duplicate power application prevention unit fur-
ther comprises a first transistor and a second transistor
switched in response to an output signal from the second
AND gate.
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16. A method, comprising:

outputting, by a processor, a signal from a first indoor air
conditioning unit to supply power to a load device via a
power/communication line;

preventing, by the processor, the first indoor air condition-
ing unit from supplying power to the load device when
power is simultaneously supplied by a second indoor air
conditioning unit; and

optically isolating, using at least one photo-coupler, at least
one input of a duplicate power application prevention
unit from the power/communication line,

wherein the power/communication line comprises the first
power/communication line and the second power/com-
munication line, and

wherein the duplicate power application prevention unit
comprises a first AND gate to receive a first signal which
corresponds to a voltage on the first power/communica-
tion line and the first AND gate receives a second signal
which corresponds to a voltage on the second power/
communication line.
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